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(57) Abstract 



A solar selective surface coating (13) that is deposited 
on a solar collector element (10). The surface coating (13) 
comprises a three-layer structure having an inner layer (14) in 
the form of a bright metal infrared reflective coating layer, 
a solar energy absorptive coating layer (15) deposited on 
the reflective coating layer, and an anti-reflective surface 
layer (16). The absorptive coating (15) is deposited as a 
cermet, typically a tungsten-aluminium nitride cermet, which 
is formed by sputtering material simultaneously from first and 
second metal electrodes (23 and 24) in the presence of a 
gas which is reactive with the metal from which the second 
electrode (24) is formed and substantially non-reactive with 
the metal from which the first electrode (23) is formed. That 
is, the solar energy absorptive coating (15) is formed by co- 
depositing materials from the first and second electrodes (23 
and 24) in the presence of a gas which is reactive with the 
metal of one only of the electrodes. 
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SOLAR SELECTIVE SURFACE COATTWH 
FIELD OF THE INVENTION 

This invention relates to a solar selective surface 
coating, to a method of depositing such coating on a 
5 substrate and to a collector element for use in a solar 
energy collector system. 
BACKGROUND OF THE INVENTION 

Most solar selective surface coatings currently 
employ metal -dielectric composites (which are known as 
10 cermets) as absorbers of solar energy. When deposited 
with appropriate layer thicknesses and metal volume 
fractions, the composites exhibit strong absorptive peaks 
in the main solar radiation region whilst remaining 
substantially transparent to thermal (infrared) 
15 radiation. The composites are deposited on infrared 
reflecting metal bases to form solar selective surface 
coatings . 

Absorptive coatings that have been studied include 
direct current (dc) react ively sputtered chromium- oxygen, 
20 chromium- nitrogen, chromium- carbon, titanium-nitrogen, 
titanium -carbon, titanium- nitrogen- carbon, zirconium- 
nitrogen, zirconium- nitrogen -carbon, nickel -carbon, 
nickel-nitrogen, molybdenum- carbon, stainless steel- 
carbon and aluminium- nitrogen composites. Several of 
25 these composites have been employed as absorptive 
coatings on commercially produced collector elements, 
including dc reactively sputtered stainless steel -carbon 
and aluminium- nitrogen composites. However these 
composite coatings can be used only at low temperatures 
30 or at medium temperatures (up to about 350°C) because of 
their lack of thermal stability at high temperatures. 

Absorptive coatings that do exhibit stability at 
higher temperatures include radio frequency (rf) 
sputtered metal -A1 2 0 3 and metal -Si0 2 composites. Cermet 
material absorptive coatings that have been employed in 
commercially produced collector elements have been 
deposited as composites of dc sputtered Mo metal and rf 
sputtered A1 2 0 3 and Si0 2 dielectric materials. 



35 



• 



WO 97/00335 _ 2 _ PCT/AU96/00363 

However, cermet coatings that employ rf sputtered 
dielectric materials are expensive to produce, both in 
terms of capital equipment and energy required for 
deposition- Also, difficulty is encountered in 

5 depositing cermets because of the potential of the 
dielectric material targets to crack due to poor thermal 
conductivity . 
SUMMARY OF THE INVENTION 

The present invention seeks to provide a solar 
10 selective surface coating which incorporates a cermet 
absorptive layer, which is produced by a relatively 
economical deposition process and which, when 
incorporating an appropriate metal fraction in the 
cermet, exhibits high temperature thermal stability. 
15 Thus, the present invention may be defined broadly 

as providing a solar selective surface coating that 
comprises an infrared reflective metal and a solar energy 
absorptive coating deposited on the reflective metal. 
The absorptive coating comprises a cermet which is formed 
20 by sputtering material simultaneously from first and 
second metal electrodes onto the reflective metal in the 
presence of at least one gas that is reactive with the 
metal from which the second electrode is formed and 
substantially non-reactive with the metal from which the 
25 first electrode is formed. 

The invention may be defined also as providing a 
method of forming a solar selective surface coating and 
which comprises the steps of: 

(a) depositing an infrared reflective metal layer on a 
3 0 substrate by a non- reactive sputtering process, and 

(b) depositing a solar energy absorptive coating on the 
reflective metal layer. 

The absorptive coating is deposited as a cermet which is 
formed by sputtering material simultaneously from first 
3 5 and second metal electrodes onto the reflective metal 
layer in the presence of at least one gas which is 
reactive with the metal from which the second electrode 
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is formed and substantially non- reactive with the metal 
from which the first electrode is formed. 

The invention also provides a solar collector 
element that comprises a tube through which a heat 
5 exchange fluid may be passed, a glass envelope 
surrounding the tube, an evacuated space defined by the 
tube and the envelope, and a solar selective surface 
coating as above defined deposited on the outer surface 
of the tube . 

10 The tube of the solar collector element may be 

formed from metal or glass, and when formed from an 
appropriate metal the outer surface of the tube may 
constitute the infrared reflective layer of the solar 
selective surface coating. That is, in certain 

15 circumstances the solar absorptive coating may be 
deposited directly onto the outer surface of the 
collector element heat exchange tube. 

The various forms of the present invention as above 
defined are characterised by a common feature, namely the 
20 co-deposition of materials from the first and second 
electrode metals in the presence of a gas which is 
reactive with the metal of one only of the electrodes. 
PREFERRED FEATURES OF THE INVENTION 

The gas which is selected to provide for reactive 
25 sputtering of the cermet will be determined by the metals 
from which the first and second electrodes are formed. 
As indicated previously, the gas must be reactive with 
the second electrode metal, to form the dielectric 
component of the cermet, and substantially non- reactive 
30 with the first electrode metal. The gas may comprise a 
gas mixture (i.e., a mixture of two or more reactive 
gases) in an inert sputter supporting gas such as argon, 
but the reactive gas most preferably comprises nitrogen. 
When sputtering in the presence of nitrogen, oxygen may 
35 with advantage be absorbed in reactive sputtering of the 
second electrode metal to form the dielectric component. 

When sputtering in the presence of nitrogen reactive 
gas, the metal which forms the metallic component of the 
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cermet (i.e., the first electrode metal as referred to 
above) is preferably selected from tungsten, tungsten 
based alloys / stainless steel, nickel, nickel based 
alloys such as Inconel, Hastelloy and Monel, nickel - 
5 chromium alloys, platinum, iridium, osmium, ruthenium, 
rhodium, rhenium, molybdenum, molybdenum based alloys and 
gold. However, the first electrode metal most preferably 
comprises tungsten, particularly for applications where 
the absorptive coating is required to exhibit high 
10 temperature thermal stability. 

When sputtering in the presence of oxygen reactive 
gas, the (first electrode) metal which forms the metallic 
component of the cermet is preferably selected from 
platinum, iridium, ruthenium, rhodium, rhenium and gold. 
15 However, in this case the first electrode metal most 
preferably comprises gold to minimise cost or platinum to 
maximise high temperature stability. 

The metal which is react ively deposited to form the 
dielectric matrix (i.e., the second electrode metal as 
20 referred to above) is preferably selected from magnesium 
and aluminium. However, the second metal most preferably 
comprises aluminium in the interest of minimising cost. 

The infrared reflective metal preferably is selected 
from aluminium, tungsten, copper, gold, silver and 
25 molybdenum. However, tungsten and molybdenum are most 
preferred for selective surface coatings that are 
required to operate at high temperature. 

Deposition of the various metals, including non- 
reactive sputtering of the infrared reflective layer and 
30 co- deposition of the first and second metals in the 
presence of the reactive gas, is effected by direct 
current (dc) or alternating current (ac) magnetron 
sputtering. Radio frequency (rf) magnetron sputtering 
could be employed but the economic advantage of the 
35 present invention would then be lost or, at least, 
significantly diminished. 

The absorptive coating may be deposited as a 
substantially homogeneous cermet, that is with the metal 
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fraction uniformly distributed throughout the dielectric 
matrix for the full thickness of the coating. 
Alternatively, the absorptive coating may be graded, such 
that the metal fraction of the cermet increases with 
5 depth of the coating. As a further alternative, the 
absorptive coating may comprise a multi-layer cermet 
coating, each cermet layer being substantially 
homogeneous but each layer having a refractive index 
which is different from the or each adjacent layer. 
10 Also, each layer will have a thickness which is 
substantially transparent to infrared radiation but which 
provides for absorption of solar radiation by internal 
absorption and phase cancellation interference. 

A preferred form of multi- layer absorptive coating 
15 comprises a two- layer cermet structure. The refractive 
index mismatch between the two adjacent layers may then 
be achieved by use of different cermet materials in the 
respective layers. However, it is preferred that the 
cermet component materials be the same in each layer and 
2 0 that the refractive index mismatch be achieved by 
depositing different metal volume fractions in adjacent 
layers. Again in the case of a two-layer absorptive 
coating, it is preferred that the inner layer be 
constituted by a high metal volume fraction cermet and 
!5 that the outer layer be constituted by a low metal volume 
fraction cermet. 

Whatever may be the structure of the absorptive 
surface coating, it is preferred that an anti-reflection 
surface be deposited upon the absorptive coating. The 
anti- reflective surface will be composed of a transparent 
dielectric material which enhances solar absorption and, 
in the case of the preferred form of the invention which 
comprises a W-A1N composite, the anti - reflection material 
will preferably be composed of reactively sputtered 
aluminium nitride, aluminium oxide or aluminium 
oxynitride . 

An anti-dif fusion layer may optionally be deposited 
between the absorptive coating and the infrared 
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reflective layer and/or between the infrared reflective 
layer and the substrate in the complete solar selective 
surface coating. Also, an adhesion layer may optionally 
be deposited between the infrared reflective layer and 
5 the substrate. 

The invention will be more fully understood from the 
following description of a preferred embodiment of a 
solar selective surface coating and a method of 
depositing such coating on an all -glass tubular solar 
10 collector element. The description is provided with 
reference to the accompanying drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings - 

Figure 1 shows an elevation view of a collector 
15 element, 

Figure 2 shows on a very much enlarged scale a 
portion of the surface coating upon a part of the 
collector element, 

Figure 3 shows a diagrammatic representation in 
20 elevation of a sputtering chamber in which deposition of 
the surface coating is effected, and 

Figure 4 shows a plan view of the chamber that is 
illustrated in Figure 3. 

DETAILED DESCRIPTION OF THE INVENTION 

25 As illustrated in Figure 1, the collector element 

comprises an inner single- ended glass tube 10 which 
typically has an internal diameter in the order of 30 mm 
and an axial length in the order of 1000 to 2000 mm. The 
tube 10 is located within and is end- sealed to an outer 

30 glass tube 11, and the space 12 between the two tubes is 
evacuated, A thin film solar selective surface 

coating 13 is deposited on the outer surface of the inner 
tube 10. 

The collector element would normally be mounted 
35 within a concentrator (not shown) and be connected in 
fluid circuit communication with a bank of similar 
elements. A heat exchange fluid is channelled into the 
inner tube 10 by way of a manifold (not shown), and 
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thermal energy derived by absorption of solar radiation 
is conducted through the wall of the inner tube 10 to 
effect heating of the exchange fluid. 

The surface coating 13 is illustrated in Figure 2 
5 and comprises a three -layer structure. The inner 

layer 14 comprises an infrared reflective metal which is 
composed of a bright metal selected from those previously 
mentioned but which preferably comprises tungsten or 
molybdenum where the selective surface coating is to 
operated at a high temperature. The infrared reflective 
layer is deposited by a dc magnetron sputtering process, 
to be hereinafter described, to a thickness in the range 
of 100 to 4 00 nm and preferably to a thickness of about 
300 nm. Ey depositing the reflective layer to such a 
15 thickness, infrared reflectance is enhanced. 

The reflective layer 14 may be deposited as two sub- 
layers, one being an anti-diffusion layer or an adhesion 
layer. 

A solar energy absorptive coating 15 is deposited as 
20 a cermet on the infrared reflective layer 14. The cermet 
layer 15 is deposited to a thickness which is 
substantially transparent to infrared radiation but which 
facilitates absorption of solar radiation by internal 
absorption and phase cancellation interference. Thus, 

2 5 the cermet layer 15 has a thickness within the range 4 0 

to 160 nm and preferably within the range 60 to 140 nm. 

The cermet absorptive coating layer 15 comprises a 
composite of tungsten metal (W) and an aluminium nitride 
(A1N) dielectric, and the cermet is established by co- 

3 0 depositing material simultaneously from two metal 

electrodes, one of which is formed from tungsten and the 
other of which is formed from aluminium. The deposition 
is effected by a sputtering process in the presence of 
nitrogen gas. The nitrogen does not react significantly 
3 5 with the tungsten but does react strongly with the 
aluminium to form aluminium nitride during the sputtering 
process . 
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An anti- reflection surface layer 16 is deposited 
upon the absorptive coating 15 and is constituted by a 
transparent dielectric material which functions to 
enhance solar absorption. The surface layer 16 

5 conveniently comprises react ively sputtered aluminium 
nitride but it might also comprise aluminium oxide or 
aluminium oxynitride, and the surface layer is typically 
deposited to a thickness in the range 60 to 100 nm. 

The complete surface coating as illustrated in 

10 Figure 2 may be deposited in the sputtering chamber as 
shown diagrammatically in Figures 3 and 4 . 

As illustrated in Figures 3 and 4 , the sputtering 
chamber comprises a generally cylindrical chamber 20 in 
which a rotatable carrier 21 is located. The carrier is 

15 driven to rotate about the central axis of the chamber 20 
with an angular velocity which is selectively variable 
within the range 3 to 10 revolutions per minute (rpm) . 
The carrier 21 supports a plurality of the glass tubes 10 
on which the selective surface coating 13 is to be 

20 deposited and each of the tubes is supported by a 
rotatable mandrel 22 which is driven to cause the tube to 
rotate about its own axis with an angular velocity in the 
range 3 0 to 70 rpm. The tubes 10 are positioned around 
the circumference of a circle having a diameter in the 

25 order of 1000 mm and the chamber 2 0 has a height 
sufficient to receive the 1000 to 2000 mm long tubes. 

Two tubular metal target electrodes 23 and 24 are 
positioned diametrically about the centre axis of the 
sputtering chamber 20 and extend parallel to the axis of 

3 0 the chamber. The two electrodes are separately and 
selectively connected as cathodes to a power supply (not 
shown) and when so connected are maintained at a 
potential in the order of -600 volts. The wall of the 
chamber 20 is connected to the power supply to form an 

35 anode and is maintained at a potential of +600 volts 
relative to the cathodes, that is at earth (zero) 
potential . 
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Although not: shown in Figures 3 and 4, the tubular 
target electrodes 23 and 24, forming the cathodes, would 
normally be connected to a supply of coolant fluid. 
Also, the target electrodes 23 and 24 are separated by a 
5 water cooled earth screen 25 for the purpose of 
preventing inter- contamination of the electrodes. 

A magnetic field in the order of 0.03 Tesla is 
established by electromagnets or periodically placed 
permanent magnets (not shown) which are positioned to 

10 extend in a direction approximately parallel to the 
target electrodes 23 and 24. 

As is apparent from Figure 3, during rotation of the 
carrier 21 the glass tubes 10. are positioned between the 
target cathodes 23, 24 and the surrounding wall of the 

15 chamber 20. The glass tubes are thus exposed 

periodically to material that is sputtered from the 
target cathodes 23 and 24 as the material moves radially 
outwardly toward the surrounding chamber 20. 

The target electrodes 23 and 24 are respectively 

2 0 formed from tungsten and aluminium. Metal is sputtered 
from the tungsten electrode 2 3 to form the infrared 
reflective layer 14 of the surface coating and, also, to 
form the metal fraction within the cermet layer 15 of the 
coating. Material is sputtered from the aluminium 

25 electrode 24 to form the dielectric fraction within the 
cermet layer 15. 

In an alternative arrangement, metal might be 
sputtered from the aluminium element 23 to form the 
infrared reflective coating 14, particularly where high 

30 temperature thermal stability is not so important. As a 
further possible alternative, a third electrode, for 
example a copper electrode or a molybdenum electrode 
might be located within the chamber and be employed as a 
target electrode during deposition of the infrared 

35 reflective layer 14. 

In forming the complete solar selective surface 
coating 13 on the tube 10, the chamber 2 0 is evacuated to 
a level in the order of 10~ 6 to 10~ 5 Torr. Argon gas is 
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then admitted to establish a pressure of 10" 3 Torr and 
power is supplied to the tungsten electrode 23. Non- 
reactive dc magnetron sputtering occurs and tungsten is 
deposited substantially uniformly along the full length 



sufficient to achieve a coating thickness in the order of 
300 nm. Each of the tubes 10 is rotated about its own 
axis and the carrier 21 is rotated about the chamber axis 
during the whole time that coating of the tubes is 
10 proceeding. 

Having deposited the infrared reflective layer 14, 
the cermet layer 15 is formed by co-depositing material 
from both the tungsten and aluminium target cathodes 2 3 
and 24 in the presence of a gas mixture containing both 

15 argon and nitrogen. 

As stated previously, the tungsten is deposited as. a 
metal fraction in the cermet composite, and the aluminium 
reacts with the nitrogen to form an aluminium nitride 
dielectric fraction in the cermet. 

20 Tungsten is chosen as the preferred metal for use in 

the cermet layer 15 because it exhibits good oxidation 
resistance, is stable at room temperature and does not 
normally react with nitrogen gas at any temperature. 
However, when sputtering tungsten in a gas mixture which 

25 includes reactive nitrogen gas a small fraction of 
tungsten nitride may be formed and, in order to sputter a 
substantially pure tungsten metal phase into the cermet 
composite, the nitrogen partial pressure in the region of 
the tungsten cathode should be kept as low as possible. 

30 in contrast with the nitriding resistance of 

tungsten, the chemical reactivity of aluminium with 
nitrogen is very high and it is relatively easy to 
nitride aluminium in the presence of nitrogen gas. Thus, 
aluminium sputtered from the cathode 24 is reactively 

35 sputtered with the nitrogen gas and a transition from the 
metal phase to the dielectric phase occurs as the 
nitrogen partial pressure is increased. With a 

relatively low nitrogen gas flow, the ratio of aluminium 
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Sputtering is maintained for a time 
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to nitrogen is dependent upon the gas flow and aluminium 
in the metal phase will be deposited in the cermet . In 
order to deposit nearly stoichiometric aluminium nitride, 
a nitrogen gas flow rate is employed, using a gas flow 
5 controller (not shown) , to establish a partial pressure 
of 10" 4 Torr. 

The co-deposition sputtering process is maintained 
in the presence of the nitrogen gas for such period of 
time as is required to establish a layer thickness in the 
10 order of 60 to 140 nm. 

Finally, power to the tungsten cathode 23 is turned 
off and metal that is sputtered from the aluminium 
cathode 24 is reacted with the nitrogen to form a 
substantially pure aluminium nitride layer upon the 
15 cermet layer and so to form the anti- reflective layer 16. 
This process is maintained for sufficient time to 
establish a layer having a thickness in the order of 60 
to 100 nm. 



10 



WO 97/00335 . 12 . PCT/AU96/00363 

CLAIMS 

1- A method of forming a solar selective surface 
coating which comprises the steps of - 

(a) depositing an infrared reflective metal layer on a 
5 substrate by a non- reactive sputtering process and 

(b) depositing a solar energy absorptive coating in the 
form of a cermet on the reflective metal layer; 
wherein the cermet is formed by sputtering material 
simultaneously from first and second metal electrodes 
onto the reflective metal layer in the presence of at 
least one gas which is reactive with the metal from which 
the second electrode is formed and substantially non- 
reactive with the metal from which the first electrode is 
formed. 

15 2 - The method as claimed in claim 1 wherein the 

metal from which the first electrode is formed is 
selected from the group comprising tungsten, tungsten 
based alloys, stainless steel, nickel, nickel based 
alloys, nickel -chromium alloys, platinum, iridium, 
20 osmium, ruthenium, rhodium, rhenium, molybdenum, 
molybdenum based alloys and gold. 

3 . The method as claimed in claim 2 wherein the 
cermet is formed by sputtering the metal from the first 
and second electrodes in the presence of nitrogen gas and 
25 an inert sputter supporting gas . 

4 . The method as claimed in claim 1 wherein the 
metal from which the first electrode is formed is 
selected from the group comprising platinum, iridium, 
ruthenium, rhodium, rhenium and gold. 
30 5. The method as claimed in claim 4 wherein the 

cermet is formed by sputtering the metal from the first 
and second electrodes in the presence of oxygen and an 
inerz sputter supporting gas. 

6 . The method as claimed in any one of claims l 
3 5 to 5 wherein the metal from which the second electrode is 
formed is selected from the group comprising aluminium 
and magnesium. 
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7. The method as claimed in claim l wherein the 
reflective metal layer is deposited as a metal selected 
from the group comprising aluminium, tungsten, copper, 
gold, silver and molybdenum. 
5 8. The method as claimed in claim 1 wherein the 

metal from which the first electrode is formed comprises 
tungsten which is deposited to form both the infrared 
reflective metal layer and a metallic component of the 
cermet wherein the metal from which the second electrode 
is formed comprises aluminium, and wherein the cermet is 
formed by sputtering the metal from the first and the 
second electrodes in the presence if nitrogen gas and an 
inert sputter supporting gas. 

9. The method as claimed in claim l wherein the 
deposition of the infrared reflective metal layer and 
deposition of the cermet are effected by direct current 
or alternating current magnetron sputtering. 

10. The method as claimed in claim 1 wherein the 
solar energy absorptive coating is deposited with a metal 

20 fraction of the cermet distributed substantially 
uniformly throughout a dielectric matrix of the cermet 
for substantially the full thickness of the coating. 

11 . The method as claimed in claim 1 wherein the 
solar energy absorptive coating is deposited with a metal 

25 fraction of the cermet distributed throughout a 
dielectric matrix of the cermet in a manner such that the 
metal fraction increases with increasing depth of the 
coating. 

12. The method as claimed in claim 1 wherein the 
30 solar energy absorptive coating is deposited as a multi- 
layer cermet coating. 

13. The method as claimed in claim 12 wherein in 
adjacent ones of the multi- layer cermet coatings are 
deposited with different metal fractions. 

35 14 • The method as claimed in claim 13 wherein there 

are two only cermet coating layers, and wherein the inner 
layer cermet coating is deposited with a higher metal 
fraction than the outer layer cermet coating. 
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15 . The method as claimed in claim l or claim 12 
wherein the solar energy absorptive coating is deposited 
to a thickness which is substantially transparent to 
infrared radiation and which provides for absorption of 
solar radiation by internal absorption and phase 
cancellation interference. 

16. The method as claimed in claim 15 wherein the 
solar energy absorptive coating is deposited to a 
thickness within the range 40 to 160 nm. 

17. The method as claimed in claim 1 wherein the 
infrared reflective metal layer is deposited to a 
thickness in the range 100 to 400 nm. 

18 . The method as claimed in claim 1 wherein an 
anti- reflection surface layer in the form of a 
transparent dielectric material is deposited upon the 
solar energy absorptive coating. 

19 . The method as claimed in claim 18 wherein the 
anti- reflection surface layer is deposited as a composite 
selected from the group comprising aluminium nitride, 
aluminium oxide and aluminium oxynitride. 

20. A solar selective surface coating that comprises 
an infrared reflective metal layer and a solar energy 
absorptive coating in the form of a cermet deposited on 
the reflective metal layer; wherein the absorptive 
coating is formed by sputtering material simultaneously 
from first and second metal electrodes onto the 
reflective metal in the presence of at least one gas 
which is reactive with the metal from which the second 
electrode is formed and substantially non- reactive with 
the metal from which the first electrode is formed. 

21. A solar selective surface coating that comprises 
an infrared reflective metal layer and a solar energy 
absorptive coating deposited on the reflective metal 
layer; wherein the surface coating is deposited by the 
method as claimed in claim 1. 

22. A solar selective surface coating that comprises 
an infrared reflective metal layer and a solar energy 
absorptive coating deposited on the reflective metal 
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layer; wherein the surface coating is deposited by the 
method as claimed in claim 8. 

23 . A solar collector element that comprises a tube 
through which a heat exchange fluid is in use passed, a 
5 glass envelope surrounding the tube, an evacuated space 
defined by the tube and the envelope, and a solar 
selective surface coating deposited on the outer surface 
of the tube; wherein the solar selective surface coating 
is deposited on the outer surface of the tube by the 
10 method as claimed in claim 1 . 

24. A method of forming a solar selective surface 
coating substantially as hereinbefore exemplified and 
described with reference to the accompanying drawings. 

25. A solar selective surface coating substantially 
15 as hereinbefore exemplified when deposited by the method 

substantially as hereinbefore described with reference to 
the accompanying drawings . 

26. A solar collector element substantially as shown 
in the accompanying drawings and substantially as 

20 hereinbefore described with reference thereto. 
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